Objective: To investigate the possible differential role of re®ned and whole grain cereals on the risk of upper digestive and respiratory tract neoplasms. Design: Hospital-based case ± control study. Setting: University Hospital of Lausanne, Switzerland. Subjects: A total of 156 incident cases of cancers of the oral cavity and pharynx, 101 of the oesophagus, 40 of the larynx, and 349 control subjects admitted for a wide spectrum of acute non-neoplastic conditions. Intervention: Trained interviewers collected information using a structured and validated questionnaire. Odds ratios (OR) of various cancers for a tertile increment of intake of re®ned and whole grains were estimated using unconditional multiple logistic regression. Results: Re®ned grains were directly related to the risk of cancer of the oral cavity and pharynx (OR 1.9 for the highest tertile), oesophagus (OR 3.7) and larynx (OR 4.0). In contrast, whole grain cereals were protective, with OR of 0.6 for oral cavity and pharynx, 0.3 for oesophagus, and 0.7 for larynx. For the three sites combined, the OR for the highest tertile was 5.7 for re®ned grains and 0.5 for wholegrains. The trends in risk for re®ned grains were signi®cant for all sites and their combination, and for wholegrain for oesophageal cancer and all sites. Conclusions: Even if inference on causality and the biological interpretation remain open to discussion, the present data indicate and further quantify that re®ned cereals are an unfavourable, but whole grain ones a favourable indicator of the risk of upper aerodigestive and respiratory tract neoplasms.
Introduction
Consumption of starchy foods has been associated with increased risk of oral, pharyngeal and oesophageal cancer in studies conducted in North America (Yu et al, 1988) , China (Li et al, 1989) , Italy (Chatenoud et al, 1999) and Greece (Tzonou et al, 1996) .
There is some indication, however, that the association is restricted to re®ned cereals (Chatenoud et al, 1999) . The relative risk (RR) of oral and pharyngeal cancer for the highest level of whole grain bread and cereal intake, in fact, was 0.7 (non-signi®cant) in a hospital-based case ± control study including 227 cases from the southern USA (Winn et al, 1984) . In a population-based case ± control study of 871 cases of oral and pharyngeal cancer and 979 controls from various areas of the USA (McLaughlin et al, 1988) , the RR for the highest level of whole grain food intake was 0.7 for males and 0.5 for females. Both estimates were signi®cant. In a case ± control study of oesophageal cancer from Los Angeles County (Yu et al, 1988) , the RR for subjects expressing preference for white bread was 2.4 (signi®cant) as compared with those preferring whole grains. In a series of case ± control studies from northern Italy (Chatenoud et al, 1998 (Chatenoud et al, , 1999 , the RR of oral, pharyngeal and oesophageal cancers combined was 1.6 for the highest tertile of re®ned cereal intake, but 0.3 for the corresponding level of whole grain. Both estimates were signi®cant.
In a series of case ± control studies of the upper digestive tract conducted in French-speaking Switzerland , we found direct associations between bread and cereals and oral and pharyngeal (RR 1.7, non-signi®cant, for the highest tertile of intake) and oesophageal (RR 2.8, signi®cant) cancers. We decided, therefore, to consider data from this series of studies by analysing separately re®ned and whole grain cereals.
Methods
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cally con®rmed cancer of the oral cavity and pharynx (n 156; 126 males, 30 females), oesophagus (n 101; 82 males, 19 females), larynx (n 40; 38 males, 2 females). The age range was 34 ± 74 y (median age 61).
The control group comprised 349 subjects (302 males and 47 females) aged 34 ± 74 y (median age 59), admitted for a wide spectrum of acute, non-neoplastic conditions not related to smoking or alcohol consumption and long-term modi®cation of diet, including traumas (20%), other nontraumatic orthopedic conditions (27%), acute surgical conditions (39%), and miscellaneous other diseases (14%). The participation rate was over 85% for both cases and controls.
Trained interviewers administered a structured questionnaire to cases and controls during their hospital stay. Information was collected on socio-demographic characteristics and lifestyle habits, including tobacco smoking and alcohol drinking. A food frequency questionnaire including 79 items was used in order to assess subjects' habitual diet, and estimate their total energy intake .
Odds ratios (OR) of various cancers and the corresponding 95% con®dence intervals (CI) for a tertile increment of intake of re®ned (ie white bread and biscuits, pizza, pasta and rice) and whole grains (ie whole wheat bread and cereals) were estimated using unconditional multiple logistic regression models, including terms for age, gender, education, tobacco (never smokers; ex-smokers;`15, 15 ± 24, 25 cigarettes per day), alcohol (0;`3; 3 drinks per day), vegetables, fruit and total energy intake. Table 1 gives the distribution of 156 cases of cancers of the oral cavity and pharynx, 101 of the oesophagus, 40 of the larynx, and of 349 controls according to approximate tertile of re®ned and whole grain intake, and the corresponding multivariate ORs. These were appreciably and signi®cantly above unity for re®ned grains, with ORs of 1.9 for oral cavity and pharynx, 3.7 for oesophagus and 4.0 for larynx in the highest consumption tertile. The overall OR for the three sites combined was 2.9 for the intermediate and 5.7 for the highest tertile.
Results
In contrast, ORs in the highest consumption level of whole grain cereals were below unity for all sites, but signi®cantly protective only for oesophagus (OR 0.3) and, although marginally, for all sites combined (OR 0.5).
The continuous OR estimates for an additional portion of re®ned grains per day were 1.2 (95% CI: 1.0 ± 1.5), 1.5 (95% CI: 1.2 ± 1.9) and 1.4 (95% CI: 1.0 ± 1.8) for oral and pharyngeal, oesophageal and laryngeal cancers, respectively. Corresponding values for whole grain cereals were 0.9 (95% CI: 0.8 ± 1.1), 0.7 (95% CI: 0.5 ± 0.9) and 0.8 (95% CI: 0.6 ± 1.1).
Discussion
The present data con®rm and further quantify in a unique dataset that re®ned cereals are an unfavourable, while whole grain ones a favourable indicator of the risk of upper digestive and respiratory tract neoplasms. The strength of the associations, the use of a validated food frequency questionnaire (Decarli et al, 1996) , and the comparatively high consumption levels both of re®ned and whole grain foods supported this indication. Further, cases and controls came from similar catchment area, participation was satisfactory, and, given the lack of attention to the issue in the general public in Switzerland, recall or information bias can hardly explain the association observed. Allowance for main identi®ed potential confounding factors produced, if anything, somewhat stronger associations for re®ned grains, but less strong for whole grain.
Inference on causality is not obvious. Inference on separate cancer sites was made dif®cult by the small number of cases, particularly for laryngeal cancer. Re®ned and whole grains, in fact, may simply be indicators of general lifestyle habits and diet composition, although allowance for tobacco, alcohol as well as selected dietary factors related to the risk of upper digestive tract and respiratory tract neoplasms (such as fruit, vegetable and total energy consumption), was unable to explain the association observed. Further, the associations were of similar magnitude when comparison was made excluding Table 1 Distribution of cases of oropharyngeal, oesophageal and laryngeal cancer and controls, and corresponding odds ratios (OR) with their 95% con®dence intervals (CI), according to score of intake of re®ned and whole grain foods (Vaud, Switzerland, 1992 Number of subjects OR (95% CI) all digestive and abdominal diseases from the comparison group. Alternatively, the direct associations with re®ned cereals may be related to their higher rate of digestion as compared with whole grain ones and other components of diet (Foster-Powell & Miller, 1995) , and consequent increases in plasma insulin concentration and insulin-like growth factor 1 (IGFl, Chatenoud et al, 1999) .
Besides their effect on glycaemic load, whole grain cereals are richer than re®ned grains in insoluble ®bres and several micronutrients, including antioxidants, minerals,¯avonoids, isothiocianates and phytoestrogens, which are considered favourable components of the human diet (Slavin et al, 1999) , and may explain the systematic pattern of reduced risk observed in this study.
